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doi:10.1016/j.jtcvs.2007.12.039Objectives: Sinus node dysfunction is known as a major complication after repair of
partial anomalous pulmonary venous connection. We retrospectively analyzed the
results of the atrial wall flap technique compared with the results of patch repair or
direct suturing in the intra-atrial tunnel technique.
Methods: Between 1991 and 2007, 23 patients (mean age, 6 years; range, 5 months–
17 years) with partial anomalous pulmonary venous connection underwent surgical
intervention. The right anomalous pulmonary veins drained to either the right atrium
or superior vena cava in 8 and 15 patients, respectively. Patients were divided into 2
groups: group F (n5 14), who had repair with an atrial flap, and group N (n5 9), who
had repair without an atrial flap. All patients had normal sinus rhythm preoperatively.
Results:No patients had signs of superior vena cava or pulmonary venous obstruction
within a mean follow-up of 4.8 years. One patient in group F required pacemaker
implantation. In the early postoperative period, sinus node dysfunction developed
in 93% of group F and 44% of group N patients (P , .01) and was prolonged until
discharge in 57% of group F and 0% of group N patients (P, .01). At the most recent
clinical visit, sinus node dysfunction was identified in 50% of group F patients,
whereas all patients in group N had normal sinus rhythm (P , .02).
Conclusions: The atrial flap technique, which requires incision or suture crossing
the crista terminalis, could cause sinus node dysfunction, whereas the intra-atrial
rerouting method with a patch or direct suture maintains normal sinus node function
postoperatively.
S
everal methods for repairing partial anomalous pulmonary venous connection
(PAPVC) to the superior vena cava (SVC) or the right atrium (RA) have been
described since 1958.1 Ideal surgical repair demands complete closure of the
atrial septal defect (ASD) and redirection of the anomalous pulmonary veins into
the left atrium without either pulmonary venous or SVC obstruction or injury to the
sinus node or its blood supply. The atrial wall flap technique, which was originally
established in 1985 for the repair of total anomalous pulmonary venous drainage to
the SVC,2 has been applied because the atrial wall flap was expected to grow, resist
infection, and persist for the lifetime of the patient. However, undesirable complica-
tions, particularly sinus node dysfunction (SND), have been reported. We retrospec-
tively analyzed the results of the atrial wall flap technique compared with the results of
patch repair or direct suturing in the intra-atrial tunnel technique.
Materials and Methods
Patients
Between September 1991 and September 2007, 23 patients (11male and 12 female patients; age
at repair, 5 months–17 years; mean age, 5.66 4.7 years; weight, 6.0–70 kg; mean weight, 19.6
6 16.3 kg) underwent repair of PAPVC to the SVC or RA. This study was approved by the
institutional review board, and patients or guardians of the patients provided informed preop-
erative consent. Additional cardiac anomalies included ventricular septal defect (n 5 3),
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DAbbreviations and Acronyms
ASD 5 atrial septal defect
PAPVC 5 partial anomalous pulmonary venous
connection
RA 5 right atrium
SND 5 sinus node dysfunction
SVC 5 superior vena cava
tetralogy of Fallot (n 5 2), pulmonary stenosis (n 5 2), and coarc-
tation of the aorta (n 5 1). The right anomalous pulmonary veins
drained to the RA in 8 patients and to the SVC in 15 patients. Sinus
venosus ASDs were present in 9 patients, and fossa ovale was pres-
ent in 12 patients. The atrial septum was intact in 2 patients. Preop-
erative electrocardiographic analysis revealed normal sinus rhythm
in all patients. None of the patients had cardiac isomerism.
Patients were divided into 2 groups: group F (n 5 14), who had
repair with a right atrial flap, and group N (n5 9), who had no atrial
flap. All patients had normal sinus rhythm preoperatively.
Routine postoperative follow-up included a physical examination,
electrocardiographic analysis, and transthoracic echocardiographic
analysis. The venous structures were assessed for obstruction by
means of 2-dimensional echocardiographic visualization and Dopp-
ler echocardiography. Two of the more recent patients underwent
thoracic computed tomography in addition to echocardiography to
optimally visualize the repair site.
Surgical Technique
A median sternotomy was applied in 20 patients, and a right-sided
thoracotomy was applied in 3 patients. The SVC and anomalous
pulmonary veins were fully mobilized, and the azygous vein was
divided. The aortic cannula was placed in position on the ascending
aorta. Separate venous cannulas were placed, with the SVC cannu-
lated directly and high near the innominate vein junction. After car-
dioplegic arrest, intra-atrial rerouting was performed to drain the
anomalous pulmonary veins into the left atrium by using an atrial
wall flap, a xenograft pericardium patch, or free autologous pericar-
dium (Figure 1). As for the atrial wall flap procedures, a J-shapedright atriotomy was applied to the anomalous pulmonary vein,
which drained into the SVC, or a U-shaped right atriotomy was per-
formed to the pulmonary veins, which were connected to the RA
(Figure 2). Twelve patients in group F and 4 patients in group N
required enlargement or creation of an ASD. In 1984, Warden and
colleagues3 reported a technique in which the SVC was divided,
the cephalic SVC was anastomosed to the right atrial appendage,
and the caudal SVC served as a conduit for pulmonary venous drain-
age to the left atrium. The Warden procedure was applied to 13 of
the 14 patients (8 patients in group F and 5 patients in group N)
with PAPVC to the SVC, whereas for the remaining patient with
the left SVC connecting to the right SVC, division of the right
SVC was done.
Follow-up
The patients were followed up from 1.7 to 13 years (mean, 4.86 3.3
years). The postoperative electrocardiograms were evaluated imme-
diately after surgical intervention, at discharge (mean, 38.3 6 18.8
days), or at the most recent clinical visit.
Sinus Node Dysfunction
SND was defined as the presence of any one of the following: (1)
minimum or mean heart rate of greater than 2 standard deviations
less than the age-adjusted mean, (2) predominant junctional rhythm,
and/or (3) sinus pause of 3 seconds in duration.4-6 Patients with pre-
operative complete heart block, pacemakers, or both were excluded
from the analysis of SND.
Statistical Analysis
The characteristics of the study population are expressed as frequen-
cies, medians with range, or means with standard deviations, as ap-
propriate. Univariate associations with postoperative late SND
among clinical variables were obtained with c2, Fisher exact, and
unpaired t tests, and we decided to investigate the risk factor. Fur-
thermore, multivariate logistic regression analysis was performed
with variables that reached a P value of less than .20 on univariate
testing to investigate which of the factors best predicted the postop-
erative late SND. Data analysis was performed with StatView 5.0
for Windows (SAS Institute, Inc, Cary, NC).Figure 1. Intra-atrial rerouting with
a xenograft pericardial patch or free
autologous pericardium (A) or without
materials (B).
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DFigure 2. J-shaped and U-shaped right
atriotomy for patients with partial
anomalous pulmonary venous connec-
tion (PAPVC) to the superior vena cava
(SVC; A) and PAPVC to the right atrium
(RA; B), respectively. IVC, Inferior vena
cava.Results
Intraoperative Data
Mean operative, bypass, and cardiac ischemic times were
375 6 100, 158 6 57, and 77 6 31 minutes, respectively.
Mortality and Morbidity
No in-hospital or late mortality was observed over a mean
follow-up of 4.86 3.3 years, and no significant SVC or pul-
monary venous obstruction developed. Patients were not sig-
nificantly different according to their preoperative basic
characteristics and demographics between group F and group
N (Table 1). In the immediate postoperative period, the SND
occurred in 93% of group F and 44% of group N patients
(P, .01). The SND remained at discharge in 57% of patients
in group F and 0% of patients in group N (P , .01). All pa-
tients remained well over the follow-up period, which ranged
from4months to 12 years. At the latest clinical visit, SNDwas
identified in 50%of patients in group F, whereas all patients in
group N had normal sinus rhythm (P, .02) (Figure 3).
TABLE 1. Preoperative clinical characteristics
Group F
(n 5 14)
Group N
(n 5 9) P value
Male sex 6 5 .68
Age at operation (y) 5.9 6 5.0 3.9 6 3.2 .12
Weight at operation (kg) 22.3 6 19.1 11.0 6 1.6 .09
RPA to RV 4 4 .08
ASD (sinus venosus) 3 6 .08
Associated cardiac lesions 5 2 .99
Qp/Qs 2.1 6 0.9 2.6 6 0.6 .19
Pp/Ps 0.32 6 0.12 0.34 6 0.07 .76
RPV, Right pulmonary vein; RA, right atrium; ASD, atrial septal defect.The Journal of ThoOne patient in group F required repeated surgical interven-
tion for a pacemaker implantation 3 years after PAPVC
repair. He had bradycardia and sinus pause of 3 seconds or
longer in duration, and at the latest examination after dis-
charge, group F included 2 patients with sinus bradycardia
that was inappropriate for age and 3 patients with predomi-
nant junctional rhythm (Table 2).
Patients were also divided into 2 groups, which were with
or without postoperative late SND. Statistically, there was no
difference between the 2 groups in age, body weight, location
of the ASD, associated cardiac lesion, preoperative Qp/Qs,
and Pp/Ps among preoperative factors. The atrial flap
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Figure 3. Ratio (percentage) of patients with sinus node dysfunc-
tion after repair of partial anomalous pulmonary venous connec-
tion. Postoperative electrocardiograms were evaluated at 3
different time points. Immediate postoperatively means 1 week
postoperatively. Late postoperatively means postoperatively after
discharge from the hospital and at the most recent clinic visit.racic and Cardiovascular Surgery c Volume 136, Number 2 331
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erative SND. Furthermore, the difference between the inci-
dence of supraventricular arrhythmias between J-shaped
and U-shaped incisions in the right atrial wall was not statis-
tically significant; however, the incidence of atrial arrhyth-
mias was likely to be high (50% each), and the operative
time in patients with postoperative SND was likely to be
longer than that without postoperative SND (Table 3).
We used multiple logistic regression analysis to discover
the explanatory variable that could best predict the postoper-
TABLE 2. Summary of electrocardiographic findings
Normal sinus
rhythm
Sinus
bradycardia
Junctional
rhythm
Sinus
pause
Preoperative
(group F/N)
23 (14/9) 0 (0/0) 0 (0/0) 0 (0/0)
Postoperative
Early (group F/N) 11 (6/5) 3 (2/1) 8 (5/3) 1 (1/0)
Late (group F/N) 17 (8/9) 2 (2/0) 3 (3/0) 1 (1/0)
Early, Postoperatively during hospitalization; Late, postoperatively after
discharge from the hospital and at the most recent clinical visit.
TABLE 3. Univariate analysis of potential risk factors
associated with SND after repair of PAPVC
Risk factor
Normal sinus
rhythm (n 5 16) SND (n 5 7) P value
Preoperative factors
Male sex 7 4 .67
Age at operation (y) 5.8 6 5.0 5.3 6 4.3 .81
Weight at
operation (kg)
20.8 6 18.2 17.0 6 11.9 .63
RPV to RA 6 2 .67
Location of ASD
(sinus venosus)
8 1 .17
Associated cardiac
lesions
5 2 .99
Qp/Qs 2.3 6 0.9 2.3 6 1.1 .92
Pp/Ps 0.30 6 0.10 0.41 6 0.25 .16
Operative factors
ASD enlargement/
creation
10 6 .37
Atrial flap technique 7 7 .02
J-shaped flap technique 5 5 .17
U-shaped flap
technique
2 2 .56
Warden procedure 9 4 .99
Right thoracotomy 2 1 .83
Operative time (min) 349.6 6 106.7 433.6 6 51.4 .06
ECC time (min) 145.1 6 58.8 164.0 6 57.0 .48
ACC time (min) 77.2 6 30.1 79.4 6 37.2 .88
SND, Sinus node dysfunction; PAPVC, partial anomalous pulmonary venous
connection; RPV, right pulmonary vein; RA, right atrium; ASD, atrial septal
defect; ECC, extracorporeal circulation; ACC, aortic crossclamp.332 The Journal of Thoracic and Cardiovascular Surgery c Augative SND (Table 4). Our results revealed that the atrial wall
flap technique best predicted the postoperative SND (odds
ratio, 9.73; 95% confidence interval, 2.83–33.44; P , .01).
However, the main limitation of our study is related to the
small number of our patients, and we think that it is a just ref-
erence value about statistical discussion.
Discussion
Several methods of repairing PAPVC have been reported.
Some of these methods have been associated with significant
morbidity, including pulmonary venous or SVC obstruction
or atrial arrhythmias, especially SND. Until 2002, we had
applied the atrial wall flap technique, which was originally
established in 1985 for the repair of total anomalous pulmo-
nary venous drainage to the SVC,2 because the atrial wall flap
was expected to grow, resist infection, and persist for the life-
time of the patient. However, it was recognized that the inci-
dence of postoperative supraventricular arrhythmia occurred
frequently, although there was no obstruction of pulmonary
vein orifices and SVC stenosis or obstruction. It was reported
that the postoperative incidence of SND ranged from 0% to
33%.7-12 Procedures applied near the sinus node and in the
atrium might increase the risk of SND and atrial arrhyth-
mias.4 Shahriari and associates7 described the lower inci-
dence of atrial arrhythmias with the Warden procedure was
likely related to less manipulation of the RA and the SVC
and avoidance of the sinus node and its arterial supply com-
pared with the internal patch repair. Injury to the sinus node
and its arterial supply has been considered one explanation
for SND after surgical intervention.10,13
On the other hand, we experienced the SND after the atrial
wall flap repair, even if the operation was designed so that the
atriotomy did not extend across the atriocaval junction, sinus
node, or its arterial supply. Based on our analysis, the intra-
atrial rerouting method with a patch or direct suture maintains
normal sinus node function postoperatively. Therefore we
also believe that the postoperative SND was caused by mak-
ing the atrial wall flap. Anatomically, the sinus node extends
caudally along the crista terminalis, and sinus node depolar-
ization results in excitation that spreads preferentially toward
the crista terminalis,14 a region that must be crossed when
TABLE 4. Multivariate logistic analysis of potential risk
factors associated with SND after repair of PAPVC
Selected variables Odds ratio 95% Confidence interval P value
ASD (sinus venosus) 0.80 0.57–1.30 .37
Preoperative Pp/Ps 0.45 0.85–1.12 .49
Atrial flap technique 9.73 2.83–33.44 ,.01
J-shaped flap
technique
0.10 0.99–1.02 .89
Operative time 2.16 0.98–1.10 .14
SND, Sinus node dysfunction; PAPVC, partial anomalous pulmonary venous
connection.ust 2008
Takahashi et al Surgery for Congenital Heart Disease
CH
DFigure 4. Schema shows site of sinus
node and J-shaped right atriotomy for
repair of partial anomalous pulmonary
venous connection with right atrial
wall flap (A). Intra-atrial rerouting can
be performed below the crista termina-
lis by using patch or direct suturing (B).
SVC, Superior vena cava; IVC, inferior
vena cava.applying a J-shaped or U-shaped incision in the right atrial
wall (Figure 4, A). This prevents sinus node excitation from
spreading to the crista terminalis and causes SND. Fish-
berger14 described that the sinus node was superficial, lying
immediately beneath the epicardial surface in the sulcus ter-
minalis, and that in neonates and infants the sinus node might
extend more caudally toward the inferior vena cava. Dobr-
zynski and associates15 also showed the location and extent
of the sinus node by means of histologic analyses. They
stated that the node was lateral and inferior to the crest and
extended down the terminal crest toward the orifice of the in-
ferior caval vein.15 Therefore suturing the remaining edge of
the atriotomy might also lead to SND. In contrast, intra-atrial
rerouting could be performed below the crista terminalis by
using patch or direct suture, and that contributes to avoidance
of SND (Figure 4, B). In the current study the difference be-
tween the incidence of supraventricular arrhythmias between
J-shaped and U-shaped incisions in the right atrial wall was
not statistically significant; however, the incidence of atrial
arrhythmias was high, and this result suggested that J-shaped
or U-shaped incisions in the right atrial wall or suturing of the
remaining edge of the atriotomy have the potential to cause
SND.
We could not help making the sufficiently large atrial wall
flap to prevent the postoperative obstruction of pulmonary
vein orifices and SVC stenosis or obstruction, but it cannot
be avoided to cross the crista terminalis in making the flap,
and we think the incision or suture crossing the crista termi-
nalis in the atrial wall flap repair for PAPVC has the potential
to cause SND.
None of the patients had clinical symptoms of supraven-
tricular arrhythmias, except for one patient who required
pacemaker implantation. However, Sanders and coworkers16
mentioned that evidence existed to implicate atrial fibrillation
in the development of SND, and we think that severe follow-
up is necessary in the future for these patients.
There are some limitations to the present study. First, this is
a retrospective study, and itwas performed in a nonrandomized
fashion. The second limitation of our study is related to the
small number of our patients and bias, possibly resultingThe Journal of Thofromperformance of the study at a single institution.Wecannot
but say that it is a reference value about statistical discussion.
In conclusion, an incision or suture that crosses the crista
terminalis for atrial pedicle flap repair might cause SND. In-
tra-atrial rerouting with a patch or direct suture is considered
to be superior for maintaining normal sinus node function.
We thankDr ShinichirouYanagisawa (Department of Sociomed-
ical Informatics, Health Informatics and Sciences, Kobe University
Graduate School of Medicine, Japan) for statistical collaboration in
this article.
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